The cytochrome P450 family is composed of hemeproteins involved in the metabolic transformation of endogenous and exogenous substances. The CYP2D6 enzyme is responsible for the metabolism of approximately 25% of clinically used drugs and is mainly expressed in the liver. The CYP2D6 gene is known to have a large number of Single Nucleotide Polymorphisms (SNPs) and the majority of them do not present clinical consequences. Nevertheless, these variations could modify the CYP2D6 enzyme's function, resulting in poor metabolizing or ultra-extensive metabolizing phenotypes, when metabolism is slower or accelerated, respectively. Currently, there are several computational tools for predicting functional changes caused by genetic variations. Here, using 20 web servers, we evaluated the impact of 21 missense SNPs (6 neutral and 15 deleterious) previously validated by the literature. Only seven predictors presented sensitivity higher than 70%, while four showed specificity higher than 70% and only one reached the Matthews correlation coefficient of 0.39.
Introduction
Intrinsic genetic variations in enzymes and transporters that metabolize drugs can influence the efficacy and toxicity of various drugs (Ahmed, Zhou, Zhou, & Chen, 2016) . Different patients may respond differently to the same drug and dose. As a key element in precision medicine, the study of individuals' responses to medication based on their genomic information allows the evaluation of some specific genetic variants responsible for an individual's specific response to the drug (Ahmed et al., 2016) . Sometimes the effective dose of medication for a particular patient may be fatal or result in therapeutic failure in others, leading to serious adverse effects or even no effect (Ahmed et al., 2016) .
In terms of drug metabolism, the monooxygenases from the Cytochrome P450 (CYP) hemeprotein family play a crucial role in metabolizing a wide variety of substances by means of oxidation process (Sridhar, Liu, Foroozesh, & Stevens, 2012) . Among such enzymes, the CYP2D6 enzyme represents less than 2% of all CYP enzymes in the liver; nevertheless, this enzyme is involved in the metabolism of endogenous compounds, including hormones and a large number of commonly prescribed exogenous molecules, comprising many antiarrhythmic, β -blockers, neuroleptics, selective serotonin reuptake inhibitors, and tricyclic antidepressants (Brunton, 2006; Sridhar et al., 2012) . In addition, the conversion of prodrugs into active compounds or the conversion of drugs into toxic metabolites could involve this enzyme (Brunton, 2006) . Thus, CYP2D6 is related to the metabolism of about 25% of currently used drugs, despite the low amount in the liver (Ingelman-Sundberg, 2005b; Ingelman-Sundberg, Sim, Gomez, & Rodriguez-Antona, 2007) .
The CYP2D6 gene is highly polymorphic and the single nucleotide polymorphisms (SNPs) are the most common variations (Ingelman-Sundberg et al., 2007) . SNPs are natural gene variations that may have a significant influence on metabolism, clinical efficacy, and side effects in drug therapy, depending on whether the amino acid sequence of the encoded protein is modified and its physiological consequences (Landau, 2005) .
Genetic variations are related to dysfunctions in the metabolic capacity of drugs, influencing pharmacokinetics, pharmacodynamics or both, which confer intrinsic differences in drug responses (Ahmed et al., 2016) . Therefore, polymorphisms in the CYP2D6 gene could generate four distinct phenotypes based on the metabolizing capacity, including poor, intermediate, extensive and ultra-rapid metabolizers (Arneth, Shams, Hiemke, & Härtter, 2009; Byeon et al., 2018) . Hence, CYP2D6 has been considered an important target for pharmacogenomics and pharmacogenetics studies (J. K. Hicks et al., 2013; Ingelman-Sundberg, 2005a; Koski, Ojanperä, Sistonen, Vuori, & Sajantila, 2007) .
Currently, the potential impact of missense SNPs has been substantially assessed by means of computational tools. Several approaches have been used for this, because testing these SNPs in the laboratory can be expensive and time-consuming. Therefore, computational tool analysis has become a more accessible approach for preliminary analysis (Shen, Jie ; Deininger Prescott.; Zhao, 2006) . Missense SNPs could be classified as deleterious or neutral by a series of in silico tools used to predict missense SNP effects on protein function. In general, depending on the strategy used to develop the algorithm, these tools can be classified into four different groups. The first group is the sequence homology-based method, which uses sequence conservation information to assess whether an amino acid substitution affects protein function by means of homologous sequence multiple alignments (Ramensky, 2002) . The second group consists of supervised learning methods, where the algorithm "learns" the variants' conservation patterns and/or physicochemical properties and uses this information to differentiate the SNPs studied by the user as neutral or potentially deleterious (Rodriguez-Casado, 2012) . The third group comprises the structure-based methods that evaluate amino acid positions, considering factors such as solvent accessibility and the free energy difference between the wild-type and the mutated amino acids, to analyze the impact of modifications on the protein structure (Gonzalez-Castejon et al., 2011) . Finally, the fourth group covers the consensus-based methods, a combination of a variety of methods into a consensus classifier, which could result in significantly improved prediction performance (González-Pérez & López-Bigas, 2011) .
Such in silico prediction tools have become a target of a number of studies to define the predictive capacity of these tools, in order to indicate the best programs for the evaluation of certain proteins (Arooj et al., 2019; Grimm et al., 2015; Kerr et al., 2017) . The predictive capacity of each algorithm is evaluated by statistical measures of performance, which refer to the probability of identifying true deleterious and true neutral mutations (Rodrigues, Santos-Silva, Costa, & Bronze-da-Rocha, 2015) . However, the most suitable software to perform the functional prediction of the SNPs present in the CYP2D6 gene is not yet known. Therefore, in this study we aim to analyze the predictive ability of 20 web-based algorithms of CYP2D6 variants that were phenotypically characterized by in vivo and/or in vitro studies.
Material and methods

Data sets and accession codes
The NCBI Variation Viewer browser (Sayers et al., 2011) was used to access the dbSNP database (build 147). The CYP2D6 Isoform 1 sequence was retrieved with the RefSeq accession code NM_000106.6 . The CYP2D6 protein sequence (RefSeq: NP_000097.3) was obtained from NCBI platform and a protein structure was obtained from the Protein Data Bank (PDB ID: 3QM4).
Then, to select the validated SNPs, frequency information was verified at the 1000 Genome Project (Altshuler et al., 2012) . From this, other databases were used to determine the phenotypes related to drug metabolism associated with the SNPs present in the CYP2D6 enzyme. The Online Mendelian Inheritance in Man (OMIM) database is the primary repository of comprehensive, curated information on genes and genetic phenotypes and the relationships between them (Amberger, Bocchini, Schiettecatte, Scott, & Hamosh, 2015) . The Farmacogene Consortium Variation (PharmVar) is a resource for pharmacogenetics and genomics communities, which has information on genes involved in drug metabolism that contribute to drug transport and response (Gaedigk et al., 2018) . The SuperCYP database contains information on metabolism and effects on drug degradation of 57 CYPs, allowing the tolerance to drug cocktails to be verified and to find alternative combinations, to efficiently use the metabolic pathways (Preissner et al., 2009 ). The SuperCYP database contains 1170 drugs with more than 3800 interactions including references (Preissner et al., 2009 ).
Frequency data
The CYP2D6 SNP frequency data were obtained from the 1000 (Sudmant et al., 2015) .
Conservation analysis
The ConSurf server is a computational tool for estimating the conservation of evolutionary amino acid positions in a protein molecule based on the phylogenetic relations between homologous sequences (Celniker et al., 2013) . Using the CYP2D6 3D structure obtained from the Protein Data Bank (PDB ID: 3QM4) (Bernstein et al., 1978; Lauber, Neudecker, Rösch, & Marx, 2003) , Consurf carried out a search for close homologous sequences using CSI-BLAST (Angermüller, Biegert, & Söding, 2012) (3 iterations and 0,0001 evalue cut-off) against the UNIREF-90 (Suzek, Huang, McGarvey, Mazumder, & Wu, 2007) protein database. The sequences were then clustered and highly similar sequences removed using CD-HIT (cut-off 95%) (W. Li & Godzik, 2006) .
In silico functional analysis of missense SNPs in the CYP2D6 gene
In order to evaluate the functional effect of the SNPs present in the CYP2D6 gene, we used 20 computational tools classified into four groups, comprising sequence homology-based methods, supervised learning methods, structure-based methods and consensus-based methods.
Sequence homology-based methods
The Sorting Intolerant From Tolerant (SIFT) is a multi-step algorithm that uses a sequence homology-based approach to classify amino acid substitutions (Kumar, Henikoff, & Ng, 2009 ). The analyses were performed under default options.
PROVEAN (Protein Variation Effect Analyzer) provides a generalized
approach to predict the functional effects of variations on the protein sequence, including single or multiple amino acid substitutions, and insertions and deletions (Choi, Sims, Murphy, Miller, & Chan, 2012) . The analyses were performed under default options.
The Mutation Assessor evaluates the functional impact of mutations discovered in cancer or nonsense polymorphisms, based on the evolutionary conservation of the amino acids in protein homologs. The analyses were performed as follows: the functional impact score classifies the changes as "low", "neutral", which are later considered as neutral, "medium" and "high", which are classified as deleterious (Reva, Antipin, & Sander, 2011) .
The Panther tool is composed of two main components: the panther library (panther/lib) and the panther index (panther/x). Panther/lib is a collection of "books," each representing a protein family as a multiple sequence alignment, a Hidden Markov Model (HMM), and a family tree. Panther/x is an abbreviated ontology for summarizing and navigating molecular functions and biological processes associated with the families and subfamilies (Thomas et al., 2003) . The analyses were performed under default options.
Functional analysis through hidden Markov models (FATHMM) is a
model that uses position-specific information within a multiple sequence alignment (MSA) of homologous sequences, to question the conservation of sequences through the underlying amino acid probabilities modeled by internal correspondence states of several HMMs representing the alignment of homologous sequences and conserved protein domains (Shihab et al., 2013) .
We used the Inherited Disease option to return predictions capable of discriminating between disease-causing mutations and neutral polymorphisms of Human Phenotype Ontology.
Supervised learning methods
Hansa uses a set of features (referred to as nsSNP neutral-disease (nsSNPND) discriminatory features) associated with nsSNPs. This nsSNPND discriminatory feature set includes position-specific probabilities, local protein structural status, and the intrinsic properties of the wild-type and mutated residues (Acharya & Nagarajaram, 2012) .
SNAP (screening for non-acceptable polymorphisms) is a method that combines many sequence analysis tools in a battery of neural networks to predict the functional effects of nsSNPs (Bromberg, Yachdav, & Rost, 2008) .
The SuSPect (Disease-Susceptibility-based SAV Phenotype Prediction) tool uses the disease-propensity method, which is based on a binomial test comparing the observed numbers of disease-associated and neutral variants in the protein/domain to random expectation. The predictions are pooled following sequences of proteins and with the central chain protein (IBP) (Yates, Filippis, Kelley, & Sternberg, 2014) . PolyPhen-2 (Polymorphism Phenotyping v2) predicts the possible impact of amino acid substitutions on the stability and function of human proteins using functional annotations of missense SNPs, maps that encode SNPs for gene transcripts, extract annotations of protein sequences and structural attributes, and construct profiles of conservation (Adzhubei et al., 2010) .
For the five programs, the analyses were performed under default options.
Structure-based methods
Site Directed Mutator (SDM) is a statistical potential energy function that uses environment-specific amino-acid substitution frequencies within homologous protein families to calculate a stability score, which is analogous to the free energy difference between the wild-type and mutant protein (Pandurangan, Ochoa-Montaño, Ascher, & Blundell, 2017) .
PoPMuSiC is a tool for the computer-aided design of mutant proteins with controlled thermodynamic stability properties. It evaluates the changes in folding the free energy of a given protein or peptide under point mutations, on the basis of the experimental or modeled protein structure (Dehouck, Kwasigroch, Gilis, & Rooman, 2011) .
HOTMuSiC is a tool for the computer-aided design of mutant proteins with controlled thermal stability properties. It evaluates the changes in melting temperature of a given protein or peptide under point mutations, on the basis of the experimental or modeled protein structure (Pucci, Bourgeas, & Rooman, 2016) .
Fold-X is an empirical force field that was developed for the rapid evaluation of the effect of mutations on the stability, folding and dynamics of proteins and nucleic acids .
SNPMusic, the stability-oriented knowledge-based classifier, uses protein structure, artificial neural networks, and combinations of solventdependent statistical potentials to predict whether destabilizing or stabilizing mutations cause disease (Ancien, Pucci, Godfroid, & Rooman, 2018) .
All analyses were performed under default options for the five programs.
Consensus-based methods
PredictSNP is a classifier that uses protein structure, artificial neural networks, and combinations of statistical potentials dependent on solvent accessibility to predict whether destabilizing or stabilizing mutations cause disease (Bendl et al., 2014) .
Condel is a method to assess the outcome of missense SNVs using a CONsensus DELeteriousness score that combines various tools and integrates their resulting scores by using a WAS-type approach (González-Pérez & López-Bigas, 2011).
Meta-SNP is a random forest-based binary classifier to discriminate between disease-related and polymorphic missense SNVs that integrates four existing methods: PANTHER, PhD-SNP, SIFT and SNAP (Capriotti, Altman, & Bromberg, 2013) .
The TransFIC tool aims to identify somatic point mutations that drive cancer in sequencing projects. The functional impact score classifies the changes as "low", "medium", which are later considered neutral, and "high", which is classified as deleterious (Ben-Hamo & Efroni, 2011; Gonzalez-Perez, Deu-Pons, & Lopez-Bigas, 2012) .
SNPeffect is a database for phenotyping of single human nucleotide polymorphisms (SNPs) focusing primarily on molecular characterization and annotation of disease variants and polymorphisms in the human proteome (Reumers et al., 2005) .
Statistical analysis
The prediction results of the impact of missense CYP2D6 SNPs using the tools described above were further evaluated using the following statistical measures of performance: 
Combined prediction
In order to improve the performance of the programs, combinations were performed with the best specificity (>70%) and sensitivity (>70%). To determine the result of the combination, two models were adopted: neutral prevails over deleterious (NPOD); and deleterious prevails over neutral (DPON) . On the NPOD model, when at least one tool indicated a neutral prediction, the SNP would be considered neutral; and on the DPON model, when at least one tool indicated a deleterious prediction, the SNP would be considered deleterious.
Receiver operating characteristic
In order to improve the predictive capacity of the FatHMM tool, we used the traditional classification accuracy measures used in medicine, that is, the false positive and true rates (TPR and FPR), also known as sensitivity and specificity, to determine the ideal cutting values (Pepe, Cai, & Longton, 2006) .
Initially, we determined the minimum (-10.12) and maximum (1.64) scores of the 21 SNPs evaluated. We then evaluated the TPR and FPR using the range of 0.20, gradually increased until reaching the maximum score.
Results
Missense SNP selection
From the 328 Missense SNPs available on the NCBI Variation Viewer database (Sayers et al., 2011) , a filtering procedure was performed to select only those validated by literature, OMIM, Pharmvar or SuperCYP, selecting those with in vitro and/or in vivo validation, using this information to identify neutral and deleterious SNPs (Figure 1 ). After that, 21 missense SNPs were selected (Table 1) , of which 6 were neutral and 15 deleterious (Figure 3 ).
SNP frequency in population
CYP2D6 activity varies widely within a population and among ethnically distinct populations (Bernard, 2006) . Thus, the 1000 genome was used to determine the frequency of the 21 missense SNPs on the distribution of the five major population groups (Europe, East Asia, South Asia, West Africa and the Americas) (Table 1 ) (Supp. Figure S1 and S2). The population of East Asia showed the highest prevalence among the SNPs evaluated. Ten SNPs were observed, of which two were neutral (K147R and A237S) and eight deleterious (V11M, P34S, G42E, G169R, E215K, A237S, R296C and E418K). Europe was second with nine SNPs, of which two were neutral (G118A and A237S) and The frequency data for five SNPs (G42R, A90V, E156A, E410K and R441C) could not be determined. Nine SNPs had frequency in more than one population.
Conservation analysis
The 21 SNPs were mapped by means of ConSurf to identify the degree of conservation of the native residue ( Figure 2 ). This analysis showed that among the missense SNPs, six deleterious ones (T107I, E215K, F219S, R296C, E418K, and S486T) were located in regions considered as variable, three neutral (K147R, A237S and E410K) and five deleterious (V11M, G42R, G42E, G169R and H324P) were located in intermediate regions, and three neutral (P41L, A90V and G118A) and four deleterious (P34S, E156A, R440H
and R441C) are located in highly conserved regions with conservation ( Figure   2 ).
Performance measurements
To evaluate the performance of all the tools in this study, we used a set of statistics, such as SEN, SPC, ACC and MCC (Supp. Consequently, a false positive (FP) is a negative test that is classified as positive, and a false negative (FN) is a positive test classified as negative (Grimm et al., 2015) . As some data sets are slightly unbalanced, the performance of these predictors was evaluated through the MCC.
Among the groups analyzed, the homology and consensus groups were the ones with the highest number of specific tools, and the learning and structure groups had the highest number of sensitive tools (Figure 4) . In general, the consensus group tool set has low sensitivity; structure has low specificity, while homology and machine learning groups present varied results ( Figure 4 ). In the group of methods based on sequence homology, Panther and FatHMM presented specificity greater than 70% and only Provean showed sensitivity >70% (Figure 4) . In supervised learning methods, Hansa, Mutpred and Polyphen presented high sensitivity, and only Suspect presented high specificity (Figure 4) . The structural methods presented three high sensitivity tools corresponding to SDM, PopMusic and HotMusic (Figure 4) . The
Consensus-based methods presented one tool with high sensitivity and another with high specificity, which were SNP Effect and Transfic, respectively ( Figure   4 ). PopMusic presented the best accuracy performance compared to other tools ( Figure 4 ). Because these metrics are largely influenced by the size and balance of data sets, MCC was considered the best parameter to measure predictor performance. Considering MCC, which has been described as the best parameter to measure a predictor's performance (Johnson, Houck, & Chen, 2005) , FatHMM achieved the best result among the 20 predictors (0.35).
DPON and NPOD Models
The group of low-sensitivity predictors that were combined with the high specificity tools allowed the tools to become more sensitive ( Figure 5 ). There was an increase in the accuracy of the Hansa and SDM servers ( Figure 5 ). In relation to MCC, all the tools that were combined with FatHMM obtained improvement ( Figure 5 ).
The DPON model obtained the best results, of which all the tools acquired a significant increase in the sensitivity measurements ( Figure 6 ). This improvement was reflected in the determinations of accuracy, which also increased ( Figure 6 ). The combinations between MutPred and Polyphen with FatHMM, Suspect, Transfic or SNPEffect also improved the MCC of this group of predictors ( Figure 6 ).
FatHMM Cutoff for CYP2D6
The FatHMM tool demonstrated the best results among the isolated and combined analyses. In order to increase the performance of the tool, we determined a new cutoff, considered -1.15 (Figure 7 ). Using this strategy, the predictor reached a sensitivity of 80%, accuracy of 76% and MCC of 0.45.
Discussion
The family of cytochrome P450 enzymes has been the focus of pharmaceutical research for decades, as evidenced by over 100,000 articles in
PubMed (Preissner et al., 2009) . Despite the vast amount of information on CYP, understanding how the metabolism of this family of enzymes works is still complicated.
The CYP2D6 gene is highly polymorphic and may include several SNPs at the same time, rather than a single site mutation (Crews et al., 2012) .
Although the gene is known to have cumulative SNPs, it is possible to determine what a single polymorphism can cause in enzymatic activity. In this study, we selected 21 SNPs previously validated by in vitro and/or in vivo studies (Table 1) , of which 15 single polymorphisms indicated specific alterations where there was an increase, decrease or absence of CYP2D6 enzyme metabolism.
Frequency data validation was obtained from the 1000 Genomes project (Sudmant et al., 2015) , where frequency information was obtained from the SNPs of several populations distributed in five groups, of which the East Asian group showed the highest frequency of changes among polymorphisms analyzed (Supp. Figure S2 ). This information is of great importance for pharmacogenomics to determine responses to drug action in relation to the genetic variations of individuals. To this end, instead of the traditional "one size fits all" approach to drug therapy, the application of targeted drug therapy could allow a more personalized approach, thus minimizing the occurrence of therapeutic failures or adverse effects (Ahasic & Christiani, 2015; Hertz & McLeod, 2016) .
The predictive capacity of the set of 20 tools was estimated using statistical measures of SEN, SPC and ACC to evaluate the prediction of the functional significance of the 21 nsSNPs of the CYP2D6 gene in comparison to the previously reported functional activity. However, the data set presented a number of unbalanced, 15 deleterious and 6 neutral SNPs. Because these metrics are largely influenced by the size and balance of the data sets, the MCC measure has been added because it is best suited for unbalanced data sets. In the evaluated set, the MCC presented results close to zero or negative and only the FatHMM predictor reached an MCC ≥ 0.3, indicating that the systems tested need improvements to predict accurately the impact of missense SNPs on this enzyme. Other independent analyses also reported similar results. In predicting the effect of missense SNPs on UGT1A1, Rodrigues et al. (2015) demonstrated that 13 of the 20 tools had an MCC close to zero, and only the predictor of MutPred reached a value of MCC ≥ 0.7 (Rodrigues et al., 2015) . Kerr et al. (2017) used 7 tools to predict the functional impact of variants of the BRCA1, BRCA2, MLH1 and MSH2 genes associated with hereditary cancer, and demonstrated that within the evaluated set, 5 algorithms had coefficients below 0.35 and only two tools (Align -GVGD (0.65) and MAPP-MMR (0.59)) had MCCs greater than 0.59 (Kerr et al., 2017) .
As described in previous studies, we decided to combine high sensitivity and specificity tools to try to improve the predictive power of these servers (Leong, Stuckey, Lai, Skinner, & Love, 2015) . In the combined evaluations, it was possible to see that the combinations between the groups of tools made them more precise, and the best results were observed in the DPON group, due to the data set that presented more deleterious than neutral SNPs. In this last set of analyses, the data generated indicated improvements in the performance of SEN, ACC and MCC. The results suggest that, regardless of the combinations performed, the most appropriate tool for the prediction of SNP impact on CYP2D6 is FatHMM. To improve the predictive capacity of the FatHMM tool, the ROC curve was used to define a new cutoff (-1.15) specific for the CYP2D6 gene. The concept of an ROC curve is based on the notion of a "separator" (or decision) variable. The frequencies of positive and negative results of the diagnostic test will vary if one changes the "criterion" or "cut-off"
for positivity on the decision axis (Hajian-Tilaki, 2013) . The new classification threshold increased the measures of SEN, ACC and MCC. Other analyses of independent benchmarks have also reported similar results (Grimm et al., 2015) , including a comparative evaluation of 10 tools, distributed in five data sets, to determine which of these tools correctly predicts the pathogenicity of new variants. Among the tools tested, the FatHMM-W demonstrated the best performance in four of the five data sets evaluated (Grimm et al., 2015) .
Consurf analysis demonstrated that most SNPs in the CYP2D6 gene are present in regions considered to be variable or intermediate, which may have contributed to the decrease in accuracy of the tools of the sequence homology group.
The results indicate that the tools have high specificity or high sensitivity, but no precise tools were found. Generally the predictors are constructed to identify changes in several genes. As these tools were not specifically constructed for the CYP2D6 gene, it is likely that the low accuracy is related to this. Based on this, a tool was built specifically for the CYP, the web server called SCYPPred, which was developed for the prediction of human cytochrome P450 SNPs based on the SVM flanking sequence method 1 . In order to overcome these limitations, where it is not always possible to obtain specific tools, in silico combinational investigations are used to identify deleterious nsSNPs that modify the structure and function of genes (Arooj et al., 2019) .
Conclusion
Although there is a vast range of tools for predicting the functional effect of missense SNPs based on different methodologies, it was not possible to find an accurate tool to analyze these variations in the CYP2D6 gene. Thus, we
proposed the combination of a predictor of high sensitivity and high specificity,
seeking to improve the performance of these tools. With the use of more precise tools, it is possible to predict with greater confidence the effect of changes generated in this gene. Although this evaluation showed the weaknesses of the prediction tools currently used, it also demonstrated how to improve them for the development of a more accurate tool, which could aid in the identification of deleterious SNPs potentially associated with deficiencies in the metabolism of the CYP2D6 enzyme present in the human population. Genomes was used to select validated SNPs. From this, other databases were used to determine phenotypes related to drug metabolism, associated with SNPs present in the CYP2D6 enzyme. Analysis of the functional effect of the SNPs was carried out using 20 computational tools divided into four distinct groups that were later evaluated by the statistical measures of SEN, SPC, ACC and MCC.
Figure Legends
Fig.2. Evolutionary conservation of CYP2D6 amino acid residues obtained from multiple sequence alignment by Consurf.
Color intensity increases with degree of conservation. The amino acids are colored based on their conservation grades and conservation levels. A grade of 1 indicates rapidly evolving (variable) sites, which are color-coded in turquoise; 5 indicates sites that are evolving at an average rate, which are colored white; and 9 indicates slowly evolving (evolutionarily conserved) sites, which are color-coded in purple. The deleterious predicted SNPs are marked below the amino acid sequence as red arrows, and the neutral SNPs are marked as black arrows. e -an exposed residue according to the neural-network algorithm; ba buried residue according to the neural-network algorithm; f -a predicted functional residue (highly conserved and exposed); s -a predicted structural residue (highly conserved and buried). The sequence homology group is represented in orange, the machine learning group is represented in green, the group of consensual methods is represented in brown, and the group based on structure is represented in blue. 
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